There is a relationship between CD4-T-cell number and circulating interleukin 7 (IL-7
In human immunodeficiency virus type 1 (HIV-1) infection, host factors play a central role in the evolution of the disease (2, 9) . Genetic factors may protect or reduce the rate of disease progression (20) , and a number of soluble factors have been linked to immune-controlled and noncytolytic antiviral response of CD8 ϩ T cells (42) that may correlate with disease progression (3) .
␤-chemokines released by activated CD8 T cells have been shown to be responsible for soluble suppressor activity against HIV-1 strains. CCL3 (MIP-1␣), CCL4 (MIP-1␤), and CCL5 (RANTES) are potent in vitro inhibitors of HIV replication at an early step of the virus life cycle (6) . RANTES, MIP-1␣, and MIP-1␤ bind to chemokine receptor CCR5, which is required for entry by macrophage-tropic strains (R5 strains) (E. A. Berger, R. W. Doms, E. M. Fenyo, B. T. Korber, D. R. Littman, J. P. Moore, Q. J. Sattentau, H. Schuitemaker, J. Sodroski, and R. A. Weiss, Letter, Nature 391:240, 1998). T-celltropic HIV-1 strains use another chemokine receptor, CXCR4. The chemokine CXCL12 (SDF-1) (4) blocks the replication of virus isolates that use this receptor (X4 strains) (2, 10) and may prevent the emergence of X4 strains in vivo (22) . Overproduction of ␤-chemokines has been associated with resistance to infection with R5 HIV-1 in vitro (28) , protection of HIVexposed uninfected individuals (14, 45) , slow disease progression (32, 44) , and asymptomatic status of HIV ϩ individuals (7, 15, 29) . Nevertheless, clarification of the exact role of ␤-chemokines in the course of HIV infection and disease progression has remained elusive. The search for a correlation between chemokine levels in plasma or serum and the protection from HIV infection or progression to AIDS has been attempted by a number of groups, but most of them have failed (5, 24, 26, 40, 43, 46) . HIV-1 infection or accessory HIV gene products may induce the production of RANTES, MIP-1␣, and MIP-1␤ by HIV-1-infected macrophages, triggering both chemotaxis and activation of resting T lymphocytes and permitting productive HIV-1 infection (37). Furthermore, RAN-TES has been reported to enhance HIV replication (16, 39) , and there is data suggesting that an elevation of RANTES in serum predicts a rapid progression of the disease (31), supporting the idea that ␤-chemokine production could, in fact, promote HIV-1 infection and propagation. Thus, conclusive evidence of the relevance of ␤-chemokine-mediated anti-HIV activity in vivo is still unclear.
Interleukin 7 (IL-7) is a critical homeostatic cytokine for T-cell development (11, 30, 35, 38) . HIV-1-seropositive individuals show elevated levels of IL-7 in plasma that are inversely correlated with CD4
ϩ -T-cell number and positively correlated with increased HIV-1 viral load (VL) (27) . We have recently demonstrated a possible association between IL-7 levels in plasma and the evolution of X4 HIV-1 in vivo (23) . Besides increasing the number of target cells for HIV, IL-7 influence in the disease progression may be due to its capacity to upregulate CXCR4 expression on mature CD4 ϩ T cells (21, 23, 36) , suggesting that IL-7 also potently modulates mature T-cell function. In fact, IL-7 may costimulate T-cell activation, induce a weak type 1 T-cell differentiation, block T-cell apoptosis, and increase the activity of CD8 ϩ cytotoxic T-lymphocytes (CTL) (reviewed in reference 12).
In this work, we have studied the effect of IL-7 on the in vitro production of ␤-chemokines and its correlation with RANTES in plasma of HIV ϩ individuals. We demonstrate for the first time a tight correlation between IL-7 and RANTES that is lost in immune-compromised patients.
IL-7 stimulates the production RANTES, MIP-1␣, and MIP-␤. We first evaluated the production of ␤-chemokines by peripheral blood mononuclear cells (PBMC) obtained from HIV Ϫ or HIV ϩ donors after 6 days of incubation with IL-7 and IL-2. PBMC and plasma samples were obtained as described previously (23) ϩ or CD8 ϩ cells responded to IL-7 by producing RAN-TES (data not shown), confirming that both T-cell subsets are a source of ␤-chemokines. (6, 7, 28, 34) . Conversely, and unlike ADP, a known agonist of platelet aggregation and RANTES release, IL-7 did not induce the production of RANTES by platelets isolated by centrifugation of platelet-rich plasma following a protocol described previously (19) .
IL-7 did not induce a significant increase in T-cell number at the concentrations tested compared to results for cells that were not stimulated with IL-7, suggesting an effect of cell activation without T-cell proliferation. In fact, IL-7 induced a dose-dependent increase in CXCR4 expression and a modest but clear down regulation of CCR5 (up to 33% decrease by 500 ng of IL-7/ml) in PBMC from healthy donors. Thus, costimulation of PBMC with IL-7 of activated cells induced ␤-chemokine production.
In order to clarify the effect of IL-7, we used a well-defined model system (17, 18) , based on human tonsil tissue blocks cultured ex vivo, that does not require exogenous stimulation or activation, avoiding the use of PHA or IL-2. As observed with PBMC, IL-7 induced an upregulation (up to threefold) of RANTES, MIP-1␣ (up to sixfold), and MIP-1␤ (up to 7-fold) production in tonsil lymphoid tissue (Fig. 1B) . Similarly, in PBMC from HIV-infected individuals that do not require costimulation with IL-2 or PHA stimulation to produce RAN-TES (1), IL-7 induced the production of RANTES Ͼ20-fold (at 100 ng of IL-7/ml), MIP-1␣ (Ͼ20-fold), or MIP-1␤ (Ͼ5-fold) compared to the untreated (control) cells (Fig. 1C) . However, the effect of IL-7 in ␤-chemokine production was not reflected in the level of CCR5 expression (data not shown). Thus, we demonstrate that IL-7 may costimulate with IL-2 (in HIV Ϫ PBMC) or directly stimulate (in lymphoid tissue) T cells that respond with the production of ␤-chemokines. Our observation that IL-7 enhanced the production of ␤-chemokines in PBMC from HIV ϩ individuals without the need of exogenous stimulation suggested that IL-7 may influence chemokine levels in vivo.
IL-7 in plasma correlates with RANTES. A cross-sectional study was done to evaluate the relationship between IL-7 and RANTES in HIV ϩ individuals. Plasma from 130 HIV individuals was isolated after centrifugation of blood samples at 1,400 rpm for 10 min in a Centra-GP8 IEC centrifuge (Hucoa, Barcelona, Spain) and was immediately cryopreserved and stored at Ϫ80°C until use. Plasma IL-7 levels were determined by an ultrasensitive commercial enzyme-linked immunosorbent as- Table 1 . HIV ϩ individuals could be stratified into groups of low (Ͻ200 cells/l) and high (Ͼ200 cells/l) CD4-T-cell count. There were no significant differences in the ratio of male/female individuals, time since HIV diagnosis, or risk factor between the two groups, suggesting that these variables did not influence the CD4-or CD8-T-cell count, VL, or IL-7 or RANTES level. Conversely, the groups of low and high CD4-T-cell count had significantly (P Ͻ 0.001) different IL-7 levels in plasma. Similarly, mean CD8-T-cell numbers and mean HIV VL were significantly (P Ͻ 0.001) different between the two groups.
Despite increased levels of RANTES in plasma from HIV patients (25) , members of our group and others have not been able to detect a correlation between ␤-chemokine levels and CD4-T-cell count (1, 7) . Similarly, there were no significant differences between RANTES levels in plasma of low-or high-CD4-T-cell-count groups (Table 1) . Conversely, there was a weak but significant correlation (r ϭ 0.379; P Ͻ 0.001) between IL-7 and RANTES levels in plasma of HIV ϩ individuals ( Fig.  2A) . This correlation increased to an r value of 0.798 and P value of Ͻ0.001 when only individuals with a CD4 count of Ͼ200 cells/l (n ϭ 66) were included in the analysis, suggesting a tight control between IL-7 and RANTES in those patients that were not immune compromised (Fig. 2B) .
HIV ϩ individuals could be stratified in three categories according to IL-7 and RANTES in plasma: IL-7, Ͻ7 pg/ml/ RANTES, Ͻ25 ng/ml (Low/Low); IL-7, Ͼ7 pg/ml/RANTES, Ͼ25 ng/ml (High/High); and IL-7, Ͼ7 pg/ml/RANTES, Ͻ25 ng/ml (High/Low) ( Fig. 2A and C) . Only three individuals could be grouped in the Low/High (IL-7 Ͻ 7 pg/ml/RANTES Ͼ 25 ng/ml) group. The immunological and virological characteristics of each group are shown in Table 2 , and the distribution, range, and median CD4 and CD8 values are shown in Fig. 2C . The mean CD4-T-cell count was significantly (P Ͻ 0.05) higher in the Low/Low group, followed by the High/High group and High/Low group. The mean CD8-T-cell count was statistically different between the Low/Low and High/Low groups and between the High/High and High/Low groups. Taken together, these results suggest an association between RANTES and IL-7 levels and the CD4 and CD8 cell count in which immune-competent individuals have low IL-7 and low RANTES, immune-deficient patients have high IL-7 and low RANTES, and an intermediate stage of disease is characterized by high IL-7 and high RANTES.
HIV-negative individuals have low or undetectable levels of IL-7 (23), and the level of RANTES is normally low (1, 7) . Conversely, HIV ϩ individuals have significantly higher levels of RANTES than uninfected individuals (data not shown) (25) . IL-7 has been show to increase T-cell number, presumably through activation and proliferation of early T-cell subsets. In HIV infection this increased T-cell number is masked by the rapid destruction of T cells and increased HIV replication (8, 13, 27) . As more cells become activated because of HIV infection, more RANTES is produced. Thus, the increased RAN-TES correlates with increased IL-7. As disease progresses, IL-7 inversely correlates with CD4 cell count (23, 27) . T cells are an important source of RANTES and other ␤-chemokines (6, 41, 45); thus, a drop in the level of CD4 ϩ and CD8 ϩ T cells should be tied to a drop in RANTES levels. However, as shown in Fig.  2 , the significant change in CD4 cell count between the Low/ Low group and the High/High group is not yet followed by a significant change in CD8 T cells. RANTES levels drop only when a dramatic change in T-cell count (both CD4s and CD8s) occurs; that is, RANTES drops after exhaustion of the immune system when IL-7 production cannot compensate for the depletion of T cells. Therefore, low T-cell count and immunodeficiency are marked by high and low levels of IL-7 and RAN-TES, respectively.
RANTES measurements are known to be problematic be- (19) that could be released upon platelet activation in the glass tube when blood is drawn. However, there is only a weak correlation between RANTES levels and platelet count for individual patients (31) , and disease progression is marked by chronic thrombocytopenia. It is unlikely that platelet-derived RANTES was released only in a proportion of individuals with high IL-7, since plasma was systematically collected for all individuals following the same procedure. Nevertheless, we cannot exclude that the correlation between IL-7 and RANTES may also reflect platelet activation or another cell source of RANTES in HIV ϩ individuals.
The correlation between IL-7 and RANTES is maintained in patients in HAART. A second cohort of HIV ϩ individuals was used to confirm the relationship between IL-7 and RANTES. Plasma samples (n ϭ 36) from a subset of HIV ϩ individuals were used to measure IL-7 and RANTES in plasma. These patients were enrolled in our HIV clinic and have been efficiently treated with highly active antiretroviral therapy (HAART) for two or more years that includes at least three reverse transcriptase inhibitors (RTIs) or two RTIs plus a protease inhibitor (PI). The following patients were included in this cohort: 21 males and 9 females, who acquired HIV through sexual intercourse (63%), intravenous-drug use (27%), or an indeterminate route of transmission (10%). After treatment the mean CD4-T-cell count increased from 373 Ϯ HIV ϩ individuals may be separated into four separate groups according to low (Ͻ7 pg/ml) and high (Ͼ7 pg/ml) levels of IL-7 (vertical cutoff line) and low (Ͻ25,000 pg/ml) and high (Ͼ25,000) levels of RANTES (horizontal cutoff line). Colors depict individuals in the Low/Low (green), Low/High (pink), High/High (blue), and High/Low (red) groups for IL-7 and RANTES levels, respectively. (B) Correlation between IL-7 and RANTES (r ϭ 0.798; P Ͻ 0.001) of HIV ϩ individuals with CD4 cell counts of Ͼ200 cells/l. (C) CD4-T-cell (white bars) and CD8-T-cell (grey bars) values for each of the four groups. Results are depicted in box plot diagrams, where the box represents the 25th and 75th quartile and the line represents the median value. Bars indicate 5th and 95th percentiles, and circles depict atypical values. P values shown represent significant differences (Student's t test) between cell subsets of the corresponding groups. The mean Ϯ standard deviation values are shown in Table 2. 183 to 515 Ϯ 327 cells/l, the mean VL decreased 1.1 log 10 RNA copies/ml (from 59,542 Ϯ 178,712 to 4,743 Ϯ 12,470 copies/ml), and a positive correlation (r ϭ 0.73; P Ͻ 0.001) between IL-7 and RANTES was found (Fig. 3A) . Thus, a strong correlation was found between IL-7 and RANTES in patients with a CD4 cell count of Ͼ200 cells/l as a consequence of HAART.
Longitudinal changes in IL-7 and RANTES were further studied in a cohort of HIV ϩ individuals enrolled in a structured treatment interruption (33) antiretroviral therapy (at least two RTIs with or without a PI) that led to a VL of Ͻ400 copies/ml and CD4 cell counts of Ͼ500 cells/l. Patients discontinued treatment until the VL increased up to 100,000 copies/ml or the CD4 cell count decreased to Ͻ350 cells/l. Plasma samples from each patient were collected before and after interruption of treatment and evaluated for IL-7 and RANTES, and the intrapatient change in both parameters were calculated. An increase or decrease in IL-7 correlated with an increase or decrease in RANTES in 19 of 24 patients (Fig. 3B) . A strong correlation (r ϭ 0.77; P Ͻ 0.01) between the change in IL-7 and the change in RANTES was observed in this cohort, indicating that a strong intrapatient decrease or increase in IL-7 was associated to a strong decrease or increase in RANTES. Variations in the VL as a consequence of treatment interruption or reinitiation of HAART showed that a change in IL-7 resulted in a change in RANTES ( Fig. 3C and D show results for two representative patients). Conversely, no change in the IL-7 level resulted in no change in the RANTES level (Fig. 3E ). Of note, RANTES levels could increase before a detectable change in IL-7 (Fig.  3C) . A prospective study of individuals with low CD4 cell counts that improve their immune status after HAART should formally address whether changes in ␤-chemokines levels are a consequence of changes in IL-7 as suggested by our in vitro studies. Nevertheless, a longitudinal study of HIV ϩ individuals for whom HAART is interrupted suggests that HAART will affect IL-7 and RANTES production in a similar fashion.
Our results could explain, in part, the discrepancies observed in relationship to ␤-chemokine production and disease progression. Previous works have not taken into account an analysis that includes cytokines such as IL-7 that, as shown here, may directly alter the production of RANTES by T cells from uninfected or infected individuals. A beneficial effect on T-cell number could be associated to ␤-chemokines, i.e., RANTES, if individuals with similar IL-7 levels are compared. Conversely, RANTES levels could be associated to disease progression if distinct IL-7 groups are compared. Our results suggest the possibility that individuals with high RANTES levels but low IL-7 levels are indeed protected from infection. Genetic, virological, or immunological factors besides those discussed herein could influence RANTES production and disease progression.
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